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ABSTRACT
Background: Newcastle disease virus is a virus that causes a significant economic impact on the poultry industry and 
is primarily controlled through vaccination. Most of the vaccinations with the LaSota strain are either live attenuated 
or inactivated vaccines, both of which are from the Lentogenic pathotype.
Aim: This study aimed to investigate the influence of vaccine type and genetic variations on Chicken Interleukin-4 
(ChIL4) activation.
Methods: Three groups were examined: Group K received the killed vaccine, Group L received the live vaccine, and 
Group C served as the control. Blood samples were collected on days 15, 25, and 35 post-vaccinations to assess ChIL4 
levels using Enzyme-Linked Immunosorbent Assay and for molecular analysis using polymerase chain reaction.
Results: Group K showed a gradual increase in ChIL4 levels from 11.19 ± 0.17 to 13.70 ± 0.38, while Group L 
exhibited an initial increase on day 15 followed by stabilization on days 25 and 35. In contrast, ChIL4 levels in Group 
C declined over time from 4.84 ± 0.39 to 4.32 ± 0.25. Molecular analysis revealed four genetic variations of the single 
nucleotide polymorphism (SNPs) type at locations (3044, 3132, 3261, 3499) bp, with the third SNP at location (3261 
bp) resulting in an amino acid change from valine to isoleucine. Analysis indicated that variants for most of these SNPs 
occur more likely in Group K compared to the other two groups.
Conclusion: These findings suggest that genetic variations, particularly SNPs, may play a significant role in ChIL4 
activation, potentially impacting vaccine efficacy and immune response.
Keywords: Single nucleotide polymorphism, Cytokine, PCR technique.

Introduction
Newcastle disease (ND) is an acute and highly 
contagious viral disease with elevated pathogenicity 
that affects the respiratory, digestive, and nervous 
systems of poultry at all ages, resulting in significant 
consequences for the economy (Al-Azawy et  al., 
2019). The Newcastle disease virus (NDV) is avian 
orthoavulavirus-1 (also known as avian paramyxovirus 
serotype-1), which is a member of the paramyxoviridae 
virus family and the Avulavirinae subfamily belonging 
to the Mononegavirales order. The viruses of this 
subfamily have been isolated from a variety of bird 
species (Gogoi et  al., 2015; Ahmed and Odisho, 
2019; Hassan et  al., 2020). NDV is classified into 
five pathotypes based on the strain’s pathogenicity: 
Asymptomatic enteric strains include lentogenic, 
mesogenic, viscerotropic, and neurotropic velogenic 
strains. An infection with the velogenic NDV pathotype 
can result in neurological symptoms and significant 
mortality in chickens (Ulaiwi, 2023). The virus strain, 
as well as flock management, concomitant illnesses, 
and acquired immunity from previous paramyxovirus 

infections, all influence clinical symptoms (Ahmed 
et al., 2018). The viral form of NDV is pleomorphic. 
It is an enveloped, single-stranded, non-segmented 
negative-sense RNA virus with a length of about 
15 kb. The genome encoded six structural proteins, 
including large RNA-dependent polymerase protein 
(L), phosphoprotein (P), fusion protein (F), matrix 
protein (M), nucleocapsid protein, and hemagglutinin-
neuraminidase, as well as two additional non-structural 
proteins (W and V) that were produced in the P gene 
during mRNA transcription (Kapczynski et al., 2013; 
Al-Zuhariy et  al., 2017). Several direct and indirect 
diagnostic procedures are used to identify NDV, 
including the hemagglutination inhibition test, serum 
neutralization test, Enzyme-Linked Immunosorbent 
Assay (ELISA) test, and polymerase chain reaction 
(PCR) (Al-Amri et  al., 2015; Shauqi and Omran, 
2019). In general, PCR is a powerful tool for both 
direct and indirect diagnosis of viruses (Jumaa et al., 
2020; Jbr and Jumaa, 2024). Poultry flocks inoculated 
against NDV have a strong defense against pathogenic 
strains. It is well known that live attenuated vaccines 
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produce an average to moderate immune response, 
are inexpensive, and are simple to deliver. ND 
vaccination has been approved for use in a number of 
countries throughout the world, and it is available in 
live, inactivated, and attenuated forms. Vaccination 
with LaSota strain is usually of Lentogenic pathotype 
(live attenuated or inactivated) (Mayers et al., 2017). 
Chicken Interleukin-4 (ChIL-4) is a cytokine that is a 
strong immune regulator released largely by mast cells, 
activated Th2 cells, eosinophils, and basophils. It is a 
critical regulator of humoral and adaptive immunity 
when faced with extracellular pathogens and helminth 
parasite infections (Gadani et al., 2012; Dai et al., 2018). 
It has been shown to be the first Cytokine produced by 
mast cells during an immune response (McLeod et al., 
2015). ChIL-4 plays a role in type 2 immune response, 
along with the other signature cytokines IL-5, IL-9, and 
IL-13, and in the development of Allergic reactions 
(Sahoo et al., 2016). 

Materials and Methods
Experimental animals and design
One-day-old chicks (Gallus gallus domesticus) 
were kept in the animal house\Collage of Veterinary 
Medicine\University of Baghdad for the duration of 
the experiment in a disinfected room. The room was 
divided into sections to accommodate the three groups. 
It was then fumigated with the floor bedding using 
an environmental disinfectant. The temperature was 
maintained at 33°C for the first 2–3 days and then was 
stabilized at 36°C using heaters and air fans.
Sixty chicks were divided into three groups with 
20 chicks in each one: Group 1 (K) was vaccinated 
Intramuscularly with inactivated Newcastle vaccine\ La 
Sota strain on the second day of the experiment. Group 

2 (L) was vaccinated via ocular installation with live 
attenuated Newcastle vaccine\La Sota strain on days 
10, 20, and 30. Group 3 (C) served as a control group. 
Whole blood and serum samples were collected from 
all groups on days 15, 25, and 35 of the experiment to 
measure ChIL-4 levels and for molecular analysis.
Enzyme-linked immunosorbent assay
The YL biont sandwich ELISA kit was used to measure 
the level of ChIL4 in serum.
Primers
The primer used in this study for ChIL-4 was designed 
according to The National Center for Biotechnology 
Information. as shown in Table 1.
DNA extraction
The Monarch® Genomic DNA Purification kit was used 
to extract DNA from frozen whole blood.
Molecular detection
The reaction was done under the optimal touchdown 
PCR conditions for amplification of the ChIL-4 gene 
as demonstrated in Table 2. Each PCR cycle involved 
a progressive decrease in the annealing temperature. 
This approach was created in response to the need for 
greater primer binding specificity in clinical research. 
This decreases the amount of off-target primer binding 
since their rigid binding requirements only allow them 
to attach to exactly complementary areas on the target 
DNA (McDonald et al., 2024):
Sequencing 
The PCR product from each sample has been sent to 
Macrogen, Korea, for sequencing using the Sanger 
method. Analysis of FASTA sequence files was 
performed using Geneious Prime software and aligned 
to RefSeq of ChIL-4 gene with accession number 
(NC_052544).

Table 1. Primer design for ChIL-4 gene.

Primer Sequence Product size
Forward CTTTGGAAAGTGCAGATAAGG

747 bp
Reverse TAAGGGGCTAAAGAGGGATA

Table 2. PCR conditions for amplification of the ChIL-4 gene.

Cycle Temperature Time Number of cycles
Initial denaturation 94°C 3 minutes 1
Denaturation

Annealing

Extension

94°C

55°C(↓0.5ºC)

68°C

30 seconds

45 seconds

30 seconds

20×

Denaturation

Annealing

Extension

94°C

45°C

68°C

30 seconds

45 seconds

30 seconds

10×

Final extension 68°C 5 minutes 1
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Statistical analysis
The GraphPad Prism software version 10.2.2 (San 
Diego, CA, United States) was used to statistically 
analyze the obtained data by Two-way ANOVA. 
Whenever ANOVA results were significant, post hoc 
analysis was performed using Tukey’s test. Number of 
animals represented by (n). Data are presented as mean 
± standard error. Statistically significant was accepted 
when (p < 0.05) (Kim, 2014). Odds ratios were 
calculated using a free online calculator (MedCalc).
Ethical approval
The Experimental Design and Protocols used in 
the Current Study were reviewed and approved in 
accordance with the Animal Welfare Ethical. Measures 
by the Scientific Committee of the Department of 
Veterinary Microbiology, College of Veterinary 
Medicine, University of Baghdad, Baghdad, Iraq 
(p.o.305\2024\2\12). 

Results
ChIL4 levels
The results demonstrated in Table 3 and Figure 1 
indicated Group (K) had a gradual increase in ChIL-4 
levels from 11.19 ± 0.17 on day 15 to 13.70 ± 0.38 on 

day 35. while group L exhibited a significant increase 
on day 15, this increase plateaued during subsequent 
observations, yet it still had higher levels than group C, 
which exhibited a significant decrease (p ˂ 0.05), with 
the lowest among the three groups being on day 35 at 
4.32 ± 0.25. 
Molecular detection
Gel electrophoresis showed bands of amplified DNA 
for the ChIL-4 gene as exhibited in Figure 2:
Sequencing
Sequence analysis indicated the presence of four 
genetic variants of the single-nucleotide polymorphism 
(SNPs) type (Fig. 3) within the area that was amplified. 
These variants were detected at locations 3044, 3132, 
3261, and 3499 bp. Three of these are in the non-coding 
region, while site 3261 bp was in a coding region 
where in the instances where a homozygous mutant 
was demonstrated, the amino acid was changed from 
valine (Val) to isoleucine (Ile). 
Genotypically, Group K indicated the highest 
percentage of homozygous mutations at locations 
3044, 3132, and 3261 bp. While Group L had the 
highest percentage of heterozygous mutations at 
locations 3044 and 3261 bp. The control group had the 

Fig. 1. ChIL4 levels of serum in ELISA test.

Table 3. Mean ± S.E of ChIL4 titer of serum in ELISA test. 

Age 
(Days) Group K Group L Group C

15 11.19 ± 0.17Aa 7.11 ± 0.49Bb 4.84 ± 0.39Cc

25 12.90± 0.20Ab 7.29 ± 0.45Bb 4.68 ± 0.43Cc

35 13.70± 0.38Ab 7.59 ± 0.33Bb 4.32 ± 0.25c

Capital letters refer to the difference between groups. 
Small letters refer to the difference between ages.
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highest heterozygous mutant at 3132 bp and the highest 
homozygous wild at 3499 bp as shown in Table 4. The 
allele frequency in Group K had the highest percentage 
of mutant alleles at sites 3044 and 3132 bp. Group L had 
the highest percentage at site 3499 bp and the highest 
wild allele at site 3261 bp. The control group had the 
highest mutant allele at site 3261 bp and the highest 
wild allele at site 3132 bp which is demonstrated in 
Table 5. Sequencing results indicated that the alteration 

in the genotype in the first three locations (3044 A>G, 
3132 G>A, 3261 G>A) occurred more likely in Group 
K compared with the other two groups, as shown in the 
odds ratio values in Table 4 this alteration in genotype 
resulted in an increase in the levels of Interleukin-4 that 
is produced. The last location (3499 G>A) indicated 
that the increase in Interleukin-4 happens more likely 
in group K than in group L (OR = 0.843). The allele 
alteration at the first two locations (3044 A>G, 3132 

Fig. 2. PCR gel electrophoresis bands of ChIL4 gene. Amplification (747 bp).

Fig. 3. Genetic variants at multiple locations within the amplified area of the ChIL4 gene.
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G>A) highlighted similar results to the alteration in the 
genotype. 

Discussion
Vaccination and biosecurity are employed to manage 
the disease. Although immunization does not prevent 
the virus from replicating and shedding, it can protect 
against some clinical symptoms (Al-Zuhariy, 2023). 
The most widely used ND vaccines are live vaccination 
viruses developed with strains identified in the 1940s 
and 1960s. The LaSota, B1, and VG/GA vaccines were 
developed using viruses that existed in poultry. All 
of these types of viruses are genotype II and have a 
high genetic and antigenic similarity (>98% nucleotide 
identity). LaSota vaccines possessed the strongest 
tropism and replication capacity in naïve hens, leading 
to higher levels of neutralizing antibodies than other 

strains (Dimitrov et  al., 2017). One limitation of 
inactivated ND vaccines lies in the fact that they 
require a withdrawal period before vaccinated birds 
may be processed for human food, and each vaccine 
must be administered individually via subcutaneous or 
intramuscular injection. Birds injected with inactivated 
vaccines have larger humoral antibody levels, but they 
do not generate a significant cell-mediated immune 
response (Schijns et al., 2013). This is exhibited in The 
ChIL-4 levels measured by sandwich ELISA, where 
group K scored the highest among the three groups. Dai 
et al. (2018) considered ChIL-4 to be a key biomarker 
of humoral immunity. Therefore, through measurement 
of its level using ELISA, it works as an indicator of the 
functionality of the Inactivated vaccine as demonstrated 
in the ELISA results of the three groups.

Table 4. Genotype analysis at different locations in ChIL4 gene for the three groups. 

Location Genotype
Live 

attenuated

(25)

Killed

N = (21)

Control

N= (11)

Odds Ratio p-value

L
&

C

K
&

C

L
&

K

L
&

C

K
&

C

L
&

K

3044 A 
> G

AA 0 (0%) 0 (0%) 0 (0%) 0.451 0.535 0.843 0.695 0.758 0.932
AG 3 (12%) 1 (4.76%) 1 (9.09%0 1.363 0.5 2.727 0.798 0.636 0.401
GG 22 (88%) 20 (95.23%) 10 (90.9%) 0.733 2.0 0.366 0.798 0.636 0.401

3132 G 
> A

GG 1 (4%) 0 (0%) 0 (0%) 1.408 0.535 2.632 0.837 0.758 0.559
GA 6 (24%) 4 (19.04%) 4 (36.36%) 0.552 0.411 1.342 0.448 0.289 0.685
AA 18 (72%) 17 (80.95%) 7 (63.63%) 1.469 2.428 0.605 0.616 0.289 0.480

3261 G 
> A

GG 1 (4%) 2 (9.52%) 0 (0%) 1.408 2.948 0.395 0.837 0.497 0.463
GA 14 (56%) 8 (38.09%) 6 (54.54%) 1.06 0.512 2.068 0.935 0.375 0.228
AA 10 (40%) 11 (52.38%) 5 (45.45%) 0.8 1.32 0.606 0.760 0.71 0.402

3499 G 
> A

GG 17 (68%) 17 (19.04%) 9 (81.81%) 0.472 0.944 0.5 0.40 0.952 0.323
GA 8 (32%) 4 (80.95%) 2 (18.18%) 2.117 1.058 2.0 0.40 0.952 0.323
AA 0 (0%) 0 (0%) 0 (0%) 0.451 0.535 0.843 0.695 0.758 0.932

Table 5. Allele frequencies at different locations in ChIL4 gene for the three groups.

Location Allele
Live 

attenuated 
N = (25)

Killed

N = (21)

Control

N= (11)

Odd Ratio p-value
L

&
C

K
&

C

L
&

K

L
&

C

K
&

C

L
&

K

3044 A 
> G

A 3 (6%) 1 (2.38%) 1 (4.54%) 1.34 0.512 2.617 0.804 0.642 0.412
G 47 (94%) 41 (97.61%) 21 (95.45%) 0.746 1.952 0.382 0.804 0.642 0.412

3132 G 
> A

G 8 (16%) 4 (9.52%) 4 (18.18%) 0.857 0.473 1.809 0.819 0.327 0.363
A 42 (84%) 38 (90.47%) 18 (81.81%) 1.166 2.11 0.552 0.819 0.327 0.363

3261 G 
> A

G 16 (32%) 12 (28.57%) 6 (27.27%) 1.255 1.066 1.176 0.688 0.912 0.722
A 34 (68%) 30 (71.42%) 16 (72.72%) 0.797 0.937 0.85 0.688 0.912 0.722

3499 G 
> A

G 42 (84%) 38 (90.47%) 20 (90.9%) 0.525 0.95 0.552 0.440 0.955 0.363
A 8 (16%) 4 (9.52%) 2 (9.09%) 1.904 1.052 1.809 0.440 0.955 0.363
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None of the genetic variants that were detected were 
registered in the European variant archive suggesting 
that these mutations are novel, all though these changes 
have shown to be statistically non-significant. When 
comparing the ELISA results with the genetic variants 
that were detected, a possible link can be established 
between ChIL-4 levels and the mutation in the gene 
itself. Both the percentage of homozygous mutation 
in three of the four locations and ChIL-4 levels were 
the highest in Group K, this can be explained as the 
mutation resulting in the activation of ChIL-4. Thus, 
increasing the effectiveness of the vaccine.
In a study done by Dang et al. (2020), it was found that 
the change from Val to Ile in anti-Müllerian hormone 
might not be an important influence on egg production. 
The Val and Ile diverge by only one methyl group. 
Without structural comparison, it would be very hard 
to recognize that this minor modification between two 
hydrophobic residues drastically altered a protein’s 
ligand preference (Yuan et  al., 2010). Non-coding 
area mutations that disrupt non-coding components 
have been linked to severe disease, as confirmed 
by numerous methods. This includes influencing 
splicing, transcription, translation, RNA processing, 
stability, and chromatin interactions (Ellingford et al., 
2022). In comparison, studies on genetic variation in 
combination with vaccines discuss their impact on the 
immune response and vaccine effectiveness.
These alterations are shown to be of the SNPs type, 
which are genetic variations that can affect the function 
or structure of a protein (Abdullah and Abed, 2024). In 
a study done by Xie et al. (2016) on HBV vaccination, 
it was concluded that minor alleles found in non-
coding regions had an impact on the immune response 
following the vaccination in humans. These findings 
align with (Wen et al., 2021) in their study on Influenza 
vaccination, which that demonstrated people with a 
mutant genotype had a significantly lower risk of poor 
vaccine responsiveness. A comparable conclusion was 
reached by Luo et al. (2022) in their investigation of 
novel Coronavirus mutation, stating that mutations 
in the S protein receptor binding domain of mutant 
strains can lead to immunological escape of the virus. 
Thus, impacting the effectiveness of the commercially 
available vaccines. In (Gao et al., 2024), an engineered 
vaccine with a mutation in the VP5 protein of Infectious 
bursal disease virus (IBDV) was found to reduce the 
mortality of host cells and limit IBDV proliferation 
early after infection, postponing cell death.
These studies, in combination with the findings of this 
study, may suggest a profound effect on gene regulation 
and immune responses. This underscores the necessity 
for additional research into the impact of genetic 
variations on vaccine efficacy in chickens. Integrating 
genomic data with vaccine strategies could lead to the 
development of more effective, targeted vaccines that 
account for both humoral and cell-mediated immune 
responses. These strategies might assist in overcoming 

present obstacles, such as the requirement for 
customized inactivated vaccine administration, while 
simultaneously tackling the problem presented by new 
NDV variations.

Conclusion
In conclusion, there is a noticeable effect caused by 
genotyping and allele variations on ChIL4 activation, 
which is more obvious with inactivated vaccination 
than with live attenuated vaccine, and even less so with 
non-vaccinated chickens.
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